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Description 

This invention relates to biocatalysts, to a 
aiethod for their production and to a biochemical 
process using such biocatalysts. 

The microbiological sciences have developed 
rapidly during the past two decades and an in- 
creasing number of commercial biochemical pro- 
cesses have been developed using enzymes as 
biocatalysts. Examples of such biochemical pro- 
cesses include those described in our European 
Patent Specifications Nos. 76606 and 179603. In 
such processes the biocatalysts employed have an 
important role. 

To date enzymes used as biocatalysts have 
generally been used In the forms; (a) purified en- 
zymes; (b) wet suspensions of cells containing the 
enzymes; and (c) immobilised whole cells contain- 
ing the enzymes. All three forms however have 
disadvantages which restrict their commercial ap- 
plicability. Purified enzymes are very useful but are 
expensive to produce and their utility is restricted 
to processes producing high-value end products. 
Enzymes in wet cell suspensions lose their activity 
quickly. When such suspensions are to be stored 
even for short periods it is necessary to add other 
materials such as anti-freeze cryo-protectants to 
them and to cool to temperatures below 0*C to 
prevent rupture of ceils contained in the suspen- 
sions. With enzymes in immobilised whole cells it 
is difficult to maintain the full activity of the en- 
zymes over long periods. 

According to the present invention we provide 
enzyme-containing biocatalysts which have been 
produced by spray drying whole cells of enzyme- 
containing microorganisms under conditions such 
that the blocatalytic activity of the enzymes is 
retained. 

Further according to the present invention we 
provide a method for the production of enzyme- 
containing biocatalysts which comprises a step 
wherein whole cells of enzyme-containing microor- 
ganisms are spray dried under conditions such that 
the biocatalytic activity of the enzymes is retained. 

Further according to the present invention we 
provide a process for conducting a biochemical 
reaction in which an enzymecontaining biocatalyst 
is used wherein the enzyme containing biocatalyst 
has been produced by spray drying whole cells of 
an enzymecontaining microorganism under condi- 
tions such that the biocatalytic activity of the en- 
zyme is retained. 

A general feature of soluble proteins is that an 
Irreversible denaturation occurs with loss of en- 
zyme activity at higher temperatures. For any en- 
zyme there is a temperature above which enzyme 
activity is rapidly lost. Thus for example many 
dehalogenase enzymes become inactive when the 



temperatures of solutions containing them rise 
above 50 'C. It is therefore surprising that spray 
dried microorganisms can retain biocatalytic activ- 
ity and spray drying techniques have not pre- 

6 viously been used upon microorganism cells in- 
tended for use as biocatalysts. We believe that the 
retention of biocatalytic activity occurs because, 
although the temperatures used in spray drying are 
much higher than those at which inactivation nor- 

70 mally occurs, the residence time of the ceils at 
these high temperatures is short and in conse- 
quence the degree of inactivation is insignificant. 

The method of the invention can be used to 
produce biocatalysts using yeasts or bacteria (par- 

75 ticularly Gram-negative bacteria) and including 
strains produced by genetic modification. 
Biocatalysts can be produced containing any re- 
quired enzyme. Enzymes which can very suitably 
be contained in the biocatalysts of the invention 

20 include cyanide hydratase, amidase, alcohol de- 
hydrogenases and D-2-haIoalkanolc acid 
halidohydrolase (D-2-HAA halidohydrolase). In par- 
ticular the method of the invention may be used for 
the production of biocatalysts for use in the pro- 

25 cess of our European Patent Specification No, 
179603 by spray drying cells of the following bac- 
terial strains:- 

1. Pseudomonas putida NCIB 12018 

2. Pseudomonas fluorescens NCIB 12159 
30 3. NCIB 12160 

4. NCIB 12161 

5. Pseudomonas putida NCIB 12158. 
Cultures of these strains have been deposited at 
The National Collections of Industrial and Marine 

35 Bacteria (NCIMB), PO Box 31. 135 Abbey Road, 
Aberdeen, UK. 

Other commercially useful microorganism 
whose cells may be spray dried by the method of 
the invention include the following:- 

40 Fusarium lateritium Nees strain CMI 300533 de- 
scribed in EP 233719 and deposited, 3 February 
1986, at the Commonwealth Mycological Institute 
(CMI), Ferry Lane, Kew, Richmond, Surrey, Eng- 
land; 

45 Methylophilus methylotrophus strain AS-1 (NCIB 
10515) described in GB 1370892; 
Candida utilis strain ATCC 8206 deposited at the 
American Type Culture Collection (ATCC), 12301 
Parklawn Drive, Rockville, Maryland, 20852, USA; 

50 and 

Lactobacillus plantarum strain NCIMB 40027 

In spray drying a feed (usually aqueous) is 
atomized into a spray which is contacted with a 
drying medium (generally air) to cause moisture 
55 evaporation. Drying of the spray continues until the 
desired moisture content in the dried particles is 
obtained at which stage the product is recovered 
from the drying medium. The method of the inven- 
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tion can be carried out using any spray drying 
technique, e.g. using a pressure nozzle, a rotary 
atomiser or a two-fiuid nozzle. Preferred spray drier 
inlet temperatures are in the range 140*C to 
250 •G, particularly in the range 140^C to 180*C. 
Preferred spray drier outlet temperatures are in the 
range 60 to 110*0. particularly in the range 
60 • C to 90 • C. It is preferred that spray drying is 
conducted in such a way that the period during 
which the cells are subjected to high temperatures 
is as brief as possible consistant with satisfactory 
drying being effected. Suitable average periods of 
exposure to higher temperatures are in the range 
15 seconds to 45 seconds. The method of the 
invention is preferably applied to cell-containing 
suspensions with cell dry weights in the range 2% 
to 18%. particularly 6% to 12%. 

The method of the invention can be carried out 
on a batch or continuous basis. The spray drying 
may be either a distinct process, carried out on 
cells produced in another process elsewhere, or a 
step in an overall process wherein the microorgan- 
ism cells are supplied to the spray drier as they 
are produced in a fermenter and are thereafter 
harvested. The process of the invention may be 
applied in a wide variety of biochemical processes. 
In particular it can be applied In the process of our 
European Patent Specification No. 179603. The 
process of European Specification 179603 in- 
creases the concentration of the L-enantiomer of a 
2-haloalkanolc acid in a mixture of the D- and L- 
enantiomers. 

Spray dried cells produced by the method of 
the invention generally retain their enzyme activity 
for considerably longer periods than is the case 
with conventional wet cell suspensions. In particular 
spray dried cells can be stored for periods up to a 
year with negligible loss of activity. In contrast 
enzyme activity in wet cell suspensions declines 
steadily with time and becomes negligible after 
periods of only a few weeks, e.g. four to six weeks. 

The method of the invention is illustrated in the 
accompanying Figure which is a diagram of an 
apparatus for open-cycle, co-current spray drying. 

In the apparatus of the Figure a feed, compris- 
ing an aqueous suspension of microrganism cells 
containing the enzyme biocatalyst to be produced, 
and heated air are supplied along conduits 1 and 2 
respectively to atomizer 3 in which the feed is 
atomised into a fine spray containing millions of 
Individual droplets. Atomizer 3 is located in the 
upper end of drying chamber 4 and after the spray 
has been produced it passes into the drying cham- 
ber 4 and is dried. Following drying of the spray 
the majority of the dried product falls into the lower 
part 5 of drying chamber 4. The product fines 
remain entrained in tile air and pass along exhaust 
drying air duct 6 to powder recovery cyclone 7 for 



separation. Thereafter the fines enter the pneu- 
matic conveying system. From the lower part 5 of 
drying chamber 4 the majority of the product 
passes through powder take-off 8 into conduit 9 

6 along which it is carried by conveying air, supplied 
from 10, to transport cyclone 11. The dried product 
(dried microorganism cells containing active en- 
zyme biocatalyst) is finally removed from the ap- 
paratus at the lower end 12 of transport cyclone 

70 11. Exhaust air from cyclones 7 and 11 passes to 
the atmosphere through scrubber 13. 

The invention is illustrated by the following 
Examples:- 

75 EXAMPLE 1 

The apparatus shown in the Figure was used to 
spray dry cells of the bacterium Pseudomonas 
putida NCIB 12018 containing the enzyme D-2- 

20 haloalkanoic acid halidohydrolase. The spray drier 
inlet temperature was 180^C and the outlet tem- 
perature was 90 'C. The retention of activity of the 
enzyme in hydrolysing D-chloropropionic acid to L- 
lactic acid over the spray drier was found to be 

25 100%. 

In storage it was found that the spray dried 
cells would retain 50% of the enzyme activity after 
six months on storage at room temperature. En- 
zyme activity was completely retained in storage 
30 for over 12 months at 4*C and -20 •C. This com- 
pares most favourably with the retention of activity 
by wet cells of the same microorganism. In the wet 
cells activity was lost within 3 weeks at 4 ^C. 

35 EXAMPLE 2 

The apparatus shown in the Figure was used to 
spray dry cells of the fungus Fusarium lateritium 
Nees containing the enzyme cyanide hydratase. 

40 The spray drier inlet temperature was 150*C and 
the outlet temperature was 70 • C. The retention of 
activity of the enzyme in degrading cyanide to 
formamide over the drier was found to be 100%. In 
storage it was found that the spray dried cells 

45 retained enzyme activity for several months. This 
compares most favourably with the retention of 
activity by wet cells of the same microorganism. In 
the wet cells activity was lost in 7 days. 

50 EXAMPLE 3 

The apparatus shown in the Figure was used to 
spray dry cells of the bacterium Methylophilus 
methylotrophus strain AS-1 (NCIB 10515) contain- 
55 ing the enzyme amidase. The spray drier inlet 
temperature was 160* to 180*C and the outlet 
temperature was 80' to 90 'C. The retention of 
activity of the enzyme in the decomposition of 
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acrylamide over the drier was found to be 90%. In 
storage it was found that the spray dried cells 
retained enzyme activity for several months. This 
compares most favourably with the retention of 
activity by wet cells of the same microorganism. In 5 
the wet cells activity was lost in 7 days. 

EXAMPLE 4 

The apparatus shown in the Figure was used to io 
spray dry cells of the yeast Candida utilis Strain 
ATCC 8206 containing the enzyme pyruvate decar- 
boxylase. The spray drier inlet temperature was 
150^C and the outlet temperature was 60 'C. The 
retention of activity of the enzyme pyruvate decar- 75 
boxylase over the drier was found to be 80%. The 
period of time for which enzyme activity was re- 
tained in storage was found to be similar to the 
period .for which activity was retained in wet cells of 
the same microorganism. 20 

EXAMPLE 5 

The apparatus of the Figure was used to spray 
dry cells of the bacterium Lactobacillus plantarum 25 
strain NCIB 40027. The spray drier inlet tempera- 
ture was 150*C and the outlet temperature was 
70 'C. The retention of activity by the bacterial 
cells in the glycolitic pathway and in amino acid 
biosynthesis over the drier was 100%. In storage it 30 
was found that the spray dried cells retained activ- 
ity In the above metabolic pathways for several 
months. This compares most favourably with the 
retention of activity by wet cells of the same mi- 
croorganism. In the wet cells activity was lost in 1 35 
to 2 weeks. 

Claims 

1- Enzyme-containing biocatalysts which have 40 
been produced by spray drying whole ceils of 
enzyme-containing bacteria under conditions 
such that the biocatalytic activity of the en- 
zymes is retained. 

45 

2. Enzyme-containing biocatalysts which have 
been produced by spray drying whole cells of 
enzyme-containing microorganisms under con- 
ditions such that the biocatalytic activity of the 
enzymes is retained wherein the enzyme con- 50 
tained in the biocatalyst is a cyanide 
hydratase, a pyruvate decarboxylase, an al- 
cohol dehydrogenase, an enzyme of the 
glycolitic pathway, an enzyme of amino acid 
biosynthesis, amidase or a D-2-haloakanoic 55 
acid halidohydrolase. 



3. Enzyme-containing biocatalysts according to 
either claim 1 or 2 wherein the enzyme con- 
tained in the biocatalyst is a cyanide 
hydratase, an alcohol dehydrogenase, amidase 
or a D-2-haloakanoic acid halidohydrolase. 

4. A method for the production of enzyme-con- 
taining biocatalysts which comprises a step 
wherein whole cells of enzyme-containing bac- 
teria are spray dried under conditions such 
that the biocatalytic activity of the enzymes is 
retained. 

5. A method for the production of enzyme-con- 
taining biocatalysts which comprises a step 
wherein whole cells of enzyme-containing 
micro-organisms are spray dried under con- 
ditions such that the biocatalytic activity of the 
enzymes is retained wherein the enzyme con- 
tained in the biocatalyst is a cyanide 
hydratase, a pyruvate decarboxylase, an al- 
cohol dehydrogenase, an enzyme of the 
glycolitic pathway, an enzyme of amino acid 
biosynthesis, amidase or a D-2-haloalkanoic 
acid halidohydrolase. 

6. A method according to claim 4 or 5 where an 
enzyme contained in the biocatalyst is a cya- 
nide hydratase, an alcohol dehydrogenase, 
amidase or a D-2-haloalkanoic acid 
halidohydrolase. 

7. A method according to claims 4 to 6 wherein 
the microorganism is strain NCIB 12018, strain 
NCIB 12158, strain NCIB 12159. strain NCIB 
12160 or strain NCIB 12161. 

8. A method according to any of claims 4 to 7 
wherein the cells are spray dried using a spray 
drier inlet temperature in the range 140*C to 
180 -C. 

9. A method according to any of claims 4 to 8 
wherein the cells are spray dried using a spray 
drier outlet temperature in the range 60 • C to 
90 -C. 

10. A method according to any of claims 4 to 9 
wherein the cells are subjected to higher tem- 
peratures during spray drying for average 
periods in the range 15 to 45 seconds. 

11. A method according to any of claims 4 to 10 
wherein the cells are spray dried when in a 
suspension having a cell dry weight in the 
range 6% to 12%. 
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12. A process for conducting a biochemical reac- 
tion in which an enzyme-containing biocatalyst 
is used wherein the enzyme containing bio- 
catalyst has been produced by spray drying 
whole cells of an enzyme-containing bacteria 5 
under conditions such that the biocatalytic ac- 
tivity of the enzyme is retained. 

13. A process for conducting a biochemical reac- 
tion in which an enzyme-containing biocatalyst io 
is used wherein the enzyme containing bio- 
catalyst has been produced by spray drying 
whole cells of an enzyme-containing microor- 
ganism under conditions such that the 
biocatalytic activity of the enzyme is retained is 
wherein the enzyme contained in the biocata- 
lyst is a cyanide hydratase, a pyruvate decar- 
boxylase, an alcohol dehydrogenase, an en- 
zyme of the glycolitic pathway, an enzyme of 
amino acid biosynthesisamidase or a D-2- 20 
haloakanoic acid halidohydrolase. 

14. A process according to claim 12 or 13 wherein 
a D-2-haloalkanoic acid halidohydrolase is 
used to increase the concentration of an L- 25 
enantiomer of a 2-haloalkanoic acid in a mix- 
ture of the D- and L- enantiomers. 

Patentansprtiche 

30 

1. Enzymenthaltende Biokatalysatoren, erhSltlich 
durch Spruhtrocknen ganzer Zellen von en- 
zymenthaltenden Bakterien unter Bedingun- 
gen, bel denen die biokatalytische AktivltSt der 
Enzynrie erhalten bleibt. 35 



len enzymenthaltender Bakterien unter Bedin- 
gungen sprQhgetrocknet werden, bel denen die 
biokatalytische Aktivitat der Enzyme erhalten 
bleibt. 

5. Verfahren zur Herstellung von enzymenthalten- 
den Biokatalysatoren. gemSB dem ganze Zel- 
len enzymenthaltender Mikroorganismen unter 
Bedlngungen sprQhgetrocknet werden, bei de- 
nen die biokatalytische Aktivitat der Enzyme 
erhalten bleibt, wobei das Enzym, das in dem 
Biokatalysator enthalten ist, eine Cyanidhydra- 
tase, eine Pyruvatdecarboxylase, eine Alkohol- 
dehydrogenase, ein Enzym des Hexose- 
phosphatweges, ein Enzym der Aminosaure- 
biosynthese, Amidase oder eine D-2-Haloge- 
nalkansSure-Haildohydrolase ist. 

6. Verfahren nach einem der AnsprOche 4 oder 5, 
wobei das Enzym, das in dem Biokatalysator 
enthalten ist, eine Cyanidhydratase, eine Alko- 
holdehydrogenase. Amidase oder eine D-2-Ha- 
logenalkansaure-Halidohydrotase ist. 

7. Verfahren nach einem der AnsprOche 4 bis 6, 
wobei der Mikroorganismus der Stamm NCIB 
12018, der Stamm NCIB 12158, der Stamm 
NCiB 12159, der Stamm NCIB 12160 Oder der 
Stamm NCIB 12161 ist. 

8. Verfahren nach einem der AnsprOche 4 bis 7, 
wobei die Zellen unter Anwendung einer 
SprGhtrockner-EinlaBtemperatur in dem Be- 
reich von 140*C bis 180*C sprQhgetrocknet 
werden. 



2. Enzymenthaltende Biokatalysatoren, erhSltlich 
durch Spruhtrocknen ganzer Zellen von en- 
zymenthaltenden Mikroorganismen unter Be- 
dingungen, bel denen die biokatalytische Akti- 40 
vitat der Enzyme erhalten bleibt, wobei das 
Enzym, das in dem Biokatalysator enthalten 

Ist, eine Cyanidhydratase, eine Pyruvatdecar- 
boxylase, eine Aikoholdehydrogenase, ein En- 
zym des Hexosephosphatweges, ein Enzym 45 
der Aminosaurebiosynthese, Amidase Oder 
eine D-2-Halogenalkansaure-Halidohydrolase 
ist. 

3. Enzymenthaltende Biokatalysatoren riach ei- 50 
nem der AnsprOche 1 oder 2, wobei das En- 
zym, das in dem Biokatalysator enthalten ist, 

eine Cyanidhydratase. eine Aikoholdehydroge- 
nase, Amidase oder eine D-2-Halogenalkan- 
sSure-Halidohydrolase Ist. 55 

4. Verfahren zur Herstellung von enzymenthalten- 
den Biokatalysatoren, gemMB dem ganze Zel- 



9. Verfahren nach einem der AnsprOche 4 bis 8. 
wobei die Zellen unter Anwendung einer 
SprQhtrockner-AuslaBtemperatur in dem Be- 
reich von 60 • C bis 90 • C sprQhgetrocknet wer- 
den. 

10. Verfahren nach einem der AnsprOche 4 bis 9. 
wobei die Zellen wahrend des SprQhtrocknens 
Qber Durchschnlttszeitdauern in dem Bereich 
von 15 bis 45 Sekunden hSheren Temperatu- 
ren ausgesetzt werden. 

11. Verfahren nach einem der AnsprOche 4 bis 10, 
wobei die Zellen In einer Suspension sprQhge- 

. trocknet werden, die ein Zellentrockengewicht 
in dem Bereich von 6% bis 12% hat. 

12. Verfahren zur DurchfQhrung einer biochemi- 
schen Reaktion, wobei ein enzymenthaltender 
Biokatalysator verwendet wird, wobei der en- 
zymenthaltende Biokatalysator durch SprQh- 
trocknen ganzer Zellen von enzymenthalten- 
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den Bakterien unter Bedingungen, bei denen 
die biokatalytische Aktivitat der Enzyme erhal- 
ten bleibt, erhaltlich ist. 

13. Verfahren zur DurchfGhrung einer biochenni- s 
schen Reaktion, wobei ein enzymenthaltender 
Biokatalysator verwendet wird, wobei der en- 
zymenthaltende Biokatalysator durch SprQh- 
trocknen ganzer Zellen eines enzymenthalten- 

den Mikroorganlsmus unter Bedingungen er- io 
haitlich ist, bei denen die biokatalytische Akti- 
vitat des Enzyms erhalten bleibt, wobei das 
Enzym, das in dem Biokatalysator enthalten 
ist, eine Cyanidhydratase, eine Pyruvatdecar- 
boxylase, eine Alkoholdehydrogenase, ein En- 75 
zym des Hexosephosphatweges, ein Enzym 
der AminosSurebiosynthese. Amidase oder 
eine D-2-Halogenalkansaure-Halidohydrolase 
ist. 

20 

14. Verfahren nach Anspruch 12 oder 13, wobei 
eine D-2-Halogenalkansaure-Halidohydroiase 
verwendet wird. um die Konzentration an L- 
Enantiomer von 2-Halogenalkansaure in einem 
Gemisch aus D* und L-Enantlomeren zu erhS- 25 
hen. 

Revendications 

1. Biocataiyseurs contenant des enzymes, qui ont 30 
6x6 produits par atomisation de cellules entl&- 

res de bact^ries contenant des enzymes, dans 
des conditions telles que ractivit6 biocatalyti- 
que des enzymes est conserv^e. 

35 

2. Biocataiyseurs contenant des enzymes, qui ont 
^t^ produits par atomisation de cellules entie- 
res de bact^ries contenant des enzymes, dans 
des conditions telles que Tactivit^ biocatalyti- 

que des enzymes est conservee, dans les- 40 
quels renzyme contenue dans le biocatalyseur 
est une cyanure hydratase. une pyruvate de- 
carboxylase, une alcool dehydrogenase, une 
enzyme de la voie glycolytique, une enzyme 
de biosynth§se d'acide amine, une amidase ou 45 
une acide D-2-haloalcanoTque halidohydrolase. 

3. Biocataiyseurs contenant des enzymes, selon 
la revendication 1, ou selon la revendication 2, 
dans lesquels Tenzyme contenue dans le bio- so 
catalyseur est une cyanure hydratase. une al- 
cool dehydrogenase, une amidase ou une aci- 
de D-2-haloalcanoTque halidohydrolase. 

4. Methode pour la preparation de biocataiyseurs 55 
contenant des enzymes, qui comprend une 
etape dans laquelle des cellules enti&res de 
bacteries contenant des enzymes, sont atomi- 



sees dans des conditions telles que Tactivite 
biocatalytique des enzymes est conservee. 

5. Methode pour la preparation de biocataiyseurs 
contenant des enzymes, qui comprend une 
etape dans laquelle des cellules entieres de 
micro-organismes contenant des enzymes, 
sont atomisees dans des conditions telles que 
I'activite biocatalytique des enzymes est 
conservee, et dans laquelle I'enzyme contenue 
dans le biocatalyseur est une cyanure hydrata- 
se. une pyruvate decarboxylase, une alcool 
dehydrogenase, une enzyme de la voie glyco- 
lytique. une enzyme de biosynthese d'acide 
amine, une amidase ou une acide D-2-haloal- 
cano'iique halidohydrolase. 

6. Methode selon la revendication 4 ou la reven- 
dication 5, dans laquelle une enzyme contenue 
dans le biocatalyseur W une cyanure hydrata- 
se, une alcool dehydrogenase, une amidase ou 
une acide D-2-haloalcano%|ue halidohydrolase. 

7. Methode selon les revendications 4 Si 6, dans 
laquelle le micro-organisme est la souche 
NCIB 12018, la souche NCIB 12159. la souche 
NCIB 12160. ou la souche NCIB 12161. 

8. Methode selon Tune quelconque des revendi- 
cations 4 k 7, dans laquelle les cellules sont 
atomisees au moyen d'un atomiseur dont la 
temperature d'entree est comprise entre 
140-Cet 180'C. 

9. Methode selon Tune quelconque des revendi- 
cations 4^8. dans laquelle les cellules sont 
atomisees au moyen d'un atomiseur dont la 
temperature de sortie est comprise entre 60 'C 
et 90 'C. 

10. Methode selon Tune quelconque des revendi- 
cations 4 a 9. dans laquelle les cellules sont 
soumises au cours de I'atomisation, k des 
temperatures plus eievees, pendant des perio- 
des de duree moyenne comprise entre 15 et 
45 secondes. 

11. Methode selon Tune quelconque des revendi- 
cations 4 ^ 10, dans laquelle les cellules sont 
atomisees lorsqu'elles sont dans une suspen- 
sion ayant un poids de cellules seches com- 
pris entre 6 % et 12 %. 

12. Precede pour la conduite d'une reaction bio- 
chimlque dans lequel un biocatalyseur conte- 
nant une enzyme est utilise, et dans lequel le 
biocatalyseur contenant Tenzyme a ete produit 
par atomisation de cellules enti&res d'une bac- 
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tSrie contenant une enzyme, dans des condi- 
tions telles que Tactivit^ biocatalytique de Ten* 
zyme est conserv6e. 

13- Proc6d6 pour la condulte d'une reaction bio- s 
chimique dans lequel un biocatalyseur conte- 
nant une enzyme est utilisd, dans lequel le 
biocatalyseur contenant Tenzyme a 6t6 produit 
par atomisation de cellules enti^res d'un mi- 
croorganlsme contenant une enzyme, dans to 
des conditions telles que Tactivit^ biocatalyti- 
que de I'enzyme est conserv^e, et dans lequel 
{'enzyme contenue dans le biocatalyseur est 
une cyanure hydratase, une pyruvate decar- 
boxylase, une alcool dehydrogenase, une en- 75 
zyme de la voie glycolytique, une enzyme de 
biosynthfese d'acide amine, une amidase ou 
une acide D-2-haloalcanoVque halidohydrolase. 

14. Precede selon la revendication 12 ou la reven- 20 
dication 13, dans lequel Tacide D-2-haloalca- 
noTque halidohydrolase est utilisee pour aug- 
menter la concentration d'un L-enantromfere 
d'un acide 2-haloalcanoTque dans un melange 
d'enantiomeres D et L. 25 
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